Monoclonal gammopathy of undetermined significance (MGUS) occurs in approximately 3% of persons 50 years of age or older.
T h e ne w e ngl a nd jou r na l o f m e dicine M onoclonal gammopathy of undetermined significance (MGUS) occurs in 3.2% of persons 50 years of age or older and in 5.3% of those 70 years of age or older. 1 MGUS is defined as the presence of a serum monoclonal protein (M protein) at a concentration of 3.0 g per deciliter or less, no monoclonal protein or only modest amounts of monoclonal light chains in the urine, the absence of CRAB features (i.e., hypercalcemia, renal insufficiency, anemia, and bone lesions) that are related to the M protein, 2, 3 and 10% or fewer monoclonal plasma cells in the bone marrow.
In previous, smaller series of patients with MGUS, malignant transformation occurred in 7 to 19% of the patients at 5 to 10 years. [4] [5] [6] However, the small numbers of patients or the short followup in these studies limit the reliability of these results. Furthermore, the two major biologic subtypes of MGUS, IgM and non-IgM, have different modes of progression, but data regarding the prognosis and risk stratification associated with these entities have not been well characterized. 7 Information regarding overall survival after diagnosis is also limited. We present the results of a study of the rates of progression and survival associated with IgM and non-IgM MGUS in a cohort of 1384 patients with MGUS who were identified in a well-defined geographic area and followed for a median of 34.1 years.
Me thods

Patients
The details of this cohort and their natural history have been described previously. 8 In brief, we identified 1395 persons with MGUS who resided in the 11 counties of southeastern Minnesota and who had a serum M protein concentration of 3 g per deciliter or less and 10% or fewer plasma cells in the bone marrow (if assessed). Patients with light-chain MGUS were not included, since this entity was defined after the establishment of the cohort at the inception of the study. 9 In accordance with our clinical practice, bone marrow examination was deemed unnecessary unless the patient had unexplained anemia, renal insufficiency, or bone pain. The patients were evaluated at the Mayo Clinic from January 1, 1960, through December 31, 1994. A total of 11 patients who had previously signed a form prohibiting review of their medical records for any type of research at the Mayo Clinic were excluded. 8, 10 Of the remaining 1384 patients, 514 (37%) resided in Olmsted County, which had a population of 92,006 persons in 1980, and the remaining 870 patients resided in the other counties of southeastern Minnesota (1980 population, 312,559 persons). The medical-records-linkage system of the Rochester Epidemiology Project 11 makes it possible to obtain complete case ascertainment among the residents of Olmsted County.
Follow-up included the review of each patient's inpatient and outpatient medical records at the Mayo Clinic and the review of death certificates for patients who had died. Death certificates can be currently obtained from only 10 states; however, in almost all other patients we were able to ascertain survival status by contacting the patient's family or primary care physician. For the purposes of this study, the followup of the original cohort was extended by more than 15 years to December 31, 2015; this change yielded an increase by a factor of 1.3 in the number of person-years of follow-up and in the number of observed progressions.
The M proteins were identified and quantitated by means of cellulose acetate or agarose-gel electrophoresis. 12 If there was an abnormal band or equivocal pattern, immunoelectrophoresis or immunofixation was performed to confirm the presence of M protein and to ascertain the type. Patients were advised to undergo serum protein electrophoresis annually.
There was no commercial funding for this study. All the authors participated in the study concept, study design, and data collection; two of the authors conducted the data analysis. The authors vouch for the accuracy of the data and analyses presented and for the fidelity of the study to the protocol.
End Points
The primary end point of the study was progression to multiple myeloma or plasma-cell or lymphoid disorders. Analyses were performed with respect to progression to multiple myeloma or related disorders according to MGUS subtype (IgM or non-IgM). Patients with biclonal gammopathy were excluded from all the analyses that were performed according to subtype. Overall survival among patients with IgM MGUS and those with non-IgM MGUS was also determined.
Long-Term Follow-up of MGUS
Prognostic Factors
The effect of the following factors on the risk of progression was studied: age; sex; levels of hemoglobin, serum creatinine, and serum albumin; the level and type of the serum M protein; presence, type, and amount of monoclonal urinary light chain; low concentration of uninvolved immunoglobulins (as compared with the reference range); and the serum free light-chain ratio (the ratio of kappa to lambda free light chains, with an abnormal ratio defined as a value <0.26 or >1.65). These values were derived from the time of the first diagnosis in 1366 patients (99%); in 16 patients, these data were derived from the first presentation at the Mayo Clinic that occurred more than 30 days after the initial diagnosis date, and data are unclear in 2 patients to establish a date of first diagnosis. The cutoff points for the serum M protein level, low concentration of uninvolved immunoglobulins, and serum free light-chain ratio were based on established levels in the literature or were based on the normal range; all other numerical markers were analyzed as continuous variables.
Statistical Analysis
The end points with respect to progression were calculated in terms of both the cumulative probability and the cumulative incidence of progression, accounting for competing causes of death. The cumulative probability was calculated with the use of a Kaplan-Meier estimate 13 in which data from patients who died were censored; curves were compared by means of the log-rank test.
14 However, the cumulative incidence of progression explicitly accounted for other causes of death and was computed by the method of Putter et al. 15 The effect of previously established risk factors on progression rates was examined in Cox proportional-hazards models. 16 The risk of progression to each disease studied, as compared with the risk in the general population, was determined by applying agespecific and sex-specific incidence rates for these conditions in the cohort of white participants from the Iowa Surveillance, Epidemiology, and End Results (SEER) program 17 to the age-, sex-, and calendar year-specific number of personyears of follow-up in our study cohort. The agespecific and sex-specific incidence rates of immunoglobulin light-chain (AL) amyloidosis were based on data from Olmsted County, Minnesota, because these rates are not included in the SEER program. 18 The confidence intervals for the relative risks were based on a Poisson approach. 19 The follow-up time was estimated with the use of the median time to censoring, which was obtained from a Kaplan-Meier estimate in which data from patients who died were censored at the time of death and data from patients who were alive at last follow-up were uncensored at that time point. 20 All the statistical tests were two-sided. Analyses were performed with the use of SAS software, version 9.3 (SAS Institute), and R software, version 3.2.0 (R Core Team, R Foundation for Statistical Computing).
R esult s
Characteristics of the Patients at Baseline
Of the 1384 patients included in the study, 753 (54%) were men and 631 (46%) were women ( Table 1 ). The median age of the patients at the diagnosis of MGUS was 72 years. The immunoglobulin type was IgG in 70% of the patients, IgA in 12%, and IgM in 15%; a biclonal gammopathy was found in 3% of the patients. The light-chain type was kappa in 61% of the patients and lambda in 39%. The concentration of uninvolved immunoglobulins was low in 38% of the 840 patients in whom levels were measured at the time of diagnosis of MGUS. The ratio of kappa to lambda free light chains was abnormal in 33% of the 1148 patients in whom the test was performed. Electrophoresis and immunoelectrophoresis or immunofixation were performed on urine samples obtained from 418 of the patients with MGUS: 21% of the patients had a monoclonal kappa light chain, 10% had a lambda light chain, and 69% had negative results; only 17% of the patients had a urinary M protein value of more than 150 mg per 24 hours.
The results of bone marrow examination at diagnosis were available for 160 patients (12%). The median percentage of plasma cells in bone marrow was 3% (range, 0 to 10). The initial hemoglobin value was less than 12 g per deciliter in 23% of the patients. In each case, anemia was due to causes other than plasma-cell proliferation, such as iron deficiency, renal insufficiency, or myelodysplasia. The serum creatinine value was at least 2 mg per deciliter (180 μmol per liter) in 6% of the patients, but in each patient, the elevation T h e ne w e ngl a nd jou r na l o f m e dicine could be attributed to causes that were unrelated to the plasma-cell proliferative disorder, such as diabetes, hypertension, or glomerulonephropathy.
Progression to Cancer or Plasma-Cell or Lymphoid Disorder
The 1384 patients in this study have now been followed for 14,130 person-years (median followup, 34.1 years; range, 0 to 43.6) ( Table 1) . During this time, 1300 patients (94%) have died. Of the 84 patients who are still alive, 5 have had disease progression and 79 have not had progression, which leaves them at risk for progression. During follow-up, multiple myeloma, lymphoma with an IgM serum M protein, AL amyloidosis, macroglobulinemia, chronic lymphocytic leukemia, or plasmacytoma developed in 147 patients (11%), which represented a risk of these disorders that was 6.5 times (95% confidence interval [CI], 5.5 to 7.7) as high as the risk in the age-and sex-matched background population ( Table 2) . As compared with the background SEER population (except for the population of patients with AL amyloidosis, for which data were from Olmsted County, Minnesota 18 ), the risk of progression among patients with IgM MGUS (relative risk, 10.8; 95% CI, 7.5 to 15.0) was higher than the risk among those with non-IgM MGUS (relative risk, 5.7; 95% CI, 4.7 to 6.9) ( Table 2) . Of the 147 patients who had disease progression, 5 are still alive.
The cumulative risk of progression to one of these disorders (not accounting for death due to competing risk) was 10% at 10 years, 18% at 20 years, 28% at 30 years, 36% at 35 years, and 36% at 40 years. The risk of progression was 1.1 events per 100 person-years among patients with IgM MGUS, as compared with 0.8 events per 100 person-years among those with non-IgM MGUS (P<0.001).
The risk factors for progression in the overall cohort are shown in Figure 1 . The risk factors according to subtype of MGUS are shown in Figures S1 and S2 in the Supplementary Appendix, available with the full text of this article at NEJM.org. The risk of progression among patients with IgM MGUS was 2% per year in the first 10 years after diagnosis and 1% per year thereafter (Fig. S1 in the Supplementary Appendix). In contrast, the risk of progression remained unchanged according to duration of follow-up among patients with non-IgM MGUS (Fig. S2 in the Supplementary Appendix). The initial concentration of the serum M protein and the serum free light-chain ratio were the most important univariate risk factors for progression to a plasmacell disorder among patients with IgM or nonIgM MGUS. Combined, these two variables provided prognostic value in both IgM MGUS and non-IgM types of MGUS. These two variables were also confirmed to be of independent significance on multivariable analysis (data not shown). Among patients with IgM MGUS, the presence of two adverse risk factors -namely, an abnor- mal serum free light-chain ratio and high serum M protein level (≥1.5 g per deciliter) -was associated with a risk of progression at 20 years of 55%, as compared with 41% among patients who had one adverse risk factor and 19% among patients who had no risk factors. Among patients with non-IgM MGUS, the risk of progression was 30% among those who had the two risk factors, 20% among those who had one risk factor, and 7% among those who had neither risk factor. There were 3.6 events (95% CI, 1.8 to 7.2) per 100 person-years, as compared with 1.1 events (95% CI, 0.6 to 2.0) per 100 person-years among patients with a normal serum free light-chain ratio and a low M protein level (<1.5 g per deciliter) (Fig. S1 in the Supplementary Appendix). The corresponding rates among patients with nonIgM MGUS were 1.8 events (95% CI, 1.2 to 2.8) per 100 person-years among patients with the two risk factors and 0.4 events (95% CI, 0.3 to 0.6) per 100 person-years among patients with neither risk factor (Fig. S2 in the Supplementary Appendix). The age of the patient at diagnosis and the duration of follow-up were not risk factors for progression (Fig. 1) . When the age of the patient at follow-up (the current age) was considered, there was an increasing annual risk of progression with older age (Fig. 1 Non-Hodgkin's lymphoma 2 9. * There were 1384 patients in the entire cohort, of whom 210 had IgM MGUS and 1129 had non-IgM MGUS. A total of 45 patients had biclonal gammopathy, of whom 4 had progression to multiple myeloma and 2 had progression to Waldenström's macroglobulinemia. The risk of events in the study cohort was compared with the risk in an age-, sex-, and calendar year-specific control population from the Iowa Surveillance, Epidemiology, and End Results (SEER) program, with the exception of amyloid immunoglobulin light-chain (AL) amyloidosis, which is from Olmsted County, Minnesota.
18 Table 2 . Risk and Type of Progression.*
T h e ne w e ngl a nd jou r na l o f m e dicine Among other risk factors studied, the risk of progression was higher when there was a low concentration of two uninvolved immunoglobulins (hazard ratio vs. normal concentration, 2.0; 95% CI, 1.1 to 3.7; P = 0.03). However, a low concentration of just one uninvolved immunoglobulin did not have a significant effect on the risk of progression (hazard ratio vs. normal concentration, 1.3; 95% CI, 0.8 to 2.1; P = 0.22).
The M protein level became undetectable during follow-up in 75 of 1384 patients (5%); this finding was due to therapy for unrelated disorders in 43 patients. In 32 of 1384 patients (2%), the M protein level was undetectable without a The primary end point of the study was progression to multiple myeloma or other plasma-cell or lymphoid disorders among patients with MGUS in a cohort of 1384 patients. Subgroups involving follow-up were analyzed with the use of a person-year approach, so patients may have been counted in both categories. Data on immunoglobulin type were excluded for 45 patients with biclonal status, data on the monoclonal protein (M protein) level were missing for 11, and data on the free light-chain ratio were missing for 236. The normal immunoglobulin type was IgG, with types other than IgG considered to be abnormal; the normal M protein level was less than 1.5 g per deciliter, with higher values considered to be abnormal. Long-Term Follow-up of MGUS known cause, but the majority of these patients had small unmeasurable M protein levels at diagnosis. Figure 2 shows the cumulative risk of progression and death without progression (a competing risk) among patients with IgM MGUS, as compared with those with non-IgM MGUS. At 40 years, the death rates among patients with MGUS were 11% owing to plasma-cell disorders and 87% owing to non-plasma-cell disorders, such as cardiovascular and cerebrovascular diseases and non-plasma-cell cancers. A total of 2% of the patients are still alive at the time of this analysis and are at risk for progression or death. Patients with MGUS had a shorter median survival than was expected in the control population of Minnesota residents of matched age and sex (8.1 vs. 12.4 years, P<0.001) (Fig. 3 ). There were 474 excess deaths in the cohort and 142 persons who had progression to multiple myeloma or a related disorder -findings that indicate that many additional deaths cannot be attributed to disease progression. The overall survival rate at 30 years was 4% (95% CI, 2 to 9) among patients with IgM MGUS and 7% (95% CI, 6 to 9) among those with non-IgM MGUS (P = 0.12).
Overall Survival
Discussion
We have previously reported on the natural history of MGUS in this cohort of 1384 patients from southeastern Minnesota. 8 We extended the follow-up of this cohort by more than 15 years (a total of 14,130 person-years of follow-up) and found that there was a persistent risk of progression of 1% per year. Furthermore, MGUS has now been reclassified into two major subtypes, IgM and non-IgM, because the clonal cell that is involved and the nature of progression differ between these two types. 7 IgM MGUS typically arises from a CD20+ lymphoplasmacytic cell that has not undergone switch recombination, and this disease type is associated with a risk of progression to lymphoma or Waldenström's macroglobulinemia. In contrast, non-IgM MGUS typically arises from mature plasma cells that have undergone switch recombination and is associated with a risk of progression to multiple myeloma. Both disease types can progress to AL amyloidosis. Our study showed significant differences in the mode and risk of progression between patients with IgM MGUS and those with non-IgM MGUS (Fig. 2) . The data that are provided in Table 2 regarding the risk of progression according to MGUS subtype and specific associated risk factors may allow clinicians to provide more accurate prognostic information to patients on the basis of MGUS type and may help to refine the nature and type of monitoring T h e ne w e ngl a nd jou r na l o f m e dicine that is needed for each patient. We also found that the current risk-stratification model according to the M protein level and serum free light-chain assay was valid in these two forms of MGUS. 21 Another key finding is that the risk of progression may vary according to the duration of follow-up among patients with IgM MGUS. This finding is analogous to what we have previously reported regarding patients with smoldering multiple myeloma. 22 In contrast, the risk of progression among patients with non-IgM MGUS was fixed at approximately 1% per year regardless of the duration of follow-up, a finding that suggests a random multiple-factor (so-called multihit) model of malignant progression.
Few risk factors add meaningful additional value to the prognoses that are associated with MGUS type, M protein level, and serum free light-chain ratio. Studies suggest that the suppression of uninvolved immunoglobulins, especially of the same immunoglobulin type, may be associated with a greater risk of progression. 23, 24 A study that involved 728 patients with MGUS in Sweden showed that the suppression of one or two immunoglobulins was associated with a greater risk of progression than those without suppression of one or two immunoglobulins, but the overall risk of progression in that study was 0.5% per year. 25 We found that the reduction in the level of one immunoglobulin had no effect on the risk of progression, but a reduction in the levels of two normal immunoglobulins was a significant risk factor. Although the risk of progression appeared to increase with age, more studies are needed in order to determine the significance of this finding, since we did not have serial follow-up M protein values to determine whether the effect of age was independent of any possible change in M protein levels that may have occurred during that time period. A bone marrow biopsy was not routinely performed in this study, and thus it could be argued that some patients may have had more than 10% plasma cells. However, this situation is unlikely since the inclusion of such patients would have led to a greater risk of progression than we observed during the first few years of the study, which is not evident in our data. The International Myeloma Working Group does not currently recommend routine bone marrow examination in patients with low-risk MGUS. 26 A study showed that the test is of low yield in such patients, 27 and we along with other investigators who are not at the Mayo Clinic concur with this assessment. 28 Finally, we describe the overall survival among patients with MGUS. We found that patients with MGUS had shorter survival than did an age-and sex-matched control population. In addition to the risk of malignant progression, this finding may be related to potentially serious disorders that led to the initial unexpected diagnosis of MGUS. Our data reflect that the risk of progression to myeloma or a related disorder is much less than the competing risk of death due to other causes (Fig. 2) .
Despite MGUS being a prevalent disorder that is associated with a modest but persistent lifetime risk of progression to incurable cancer, there are limited data at present to indicate that screening for MGUS or monitoring improves outcomes in patients. A randomized trial of screening and intervention involving patients with MGUS has been initiated in Iceland (www . blodskimun . is).
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